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Butyrylchitosan Matrix

Dan Duf Huangxian Ju,#* Xueji Zhang$ Jing Chert, Jie Caif and Hongyuan Chén

Key Laboratory of Analytical Chemistry for Life Science (Education Ministry of China), Department of Chemistry,
Nanjing Uniwersity, Nanjing 210093, P.R. China, and Department of Chemistryyesity of South Florida,
4202 East Fowler denue, CHE 305, Tampa, Florida 33620-5250

Receied April 21, 2005; Reised Manuscript Receéd June 25, 2005

ABSTRACT: A strategy to detect P-glycoprotein (P-gp) on cell membrane and quantify the cell number
using electrochemical immunoassay was developed by effective surface immunoreactions and immobiliza-
tion of cells on a highly hydrophilic interface, which was constructed by adsorption of colloidal gold
nanoparticles on a methoxysilyl-terminated (Mos) butyrylchitosan modified glassy carbon electrode
(Au-CS/GCE). Atomic force microscopy studies proved that the nanoparticles adsorbed on Mos-
butyrylchitosan were efficient in preventing the cell leakage and retaining the activity of immobilized
living K562/ADM leukemic cells. The incubation with P-gp monoclonal antibody and then the secondary
alkaline phosphatase (AP) conjugated antibody introduced AP onto the K562/ADM cell immobilized on
Au-CS/GCE. The bound AP led to an amperometric response of 1-naphthyl phosphate. Under optimal
conditions the response was proportional to the logarithm of cell concentration in the range fream 5.0
10*to 1.0 x 107 cells mL~t with a detection limit of 1.0x 10* cells mL~%. The results were comparable

to flow cytometric analysis of P-gp expression. This proposed method was practical, convenient, and
significant in the clinic and cytobiology.

Multidrug resistance (MDR)is a major limiting factor to analysis 10), and detection based on polymerase chain
chemotherapy of cancer. It is associated with the overex-reaction (PCR) 11, 12). The comparison and correlation
pression of several proteins, the most important being among the clinical features of some approaches have been
P-glycoprotein (P-gp)1(—3), which is one cellular membrane reported 13). Flow cytometric assay is proved to be very
170 kDa glycoprotein encoded by théDR1 gene 4, 5). productive, but it usually is time-consuming and involves a
Failure of chemotherapy to the malignant tumor is usually relatively expensive apparatus. Western blot analysis is
characterized by the overexpression of P-gp, which is difficult to quantitate the low expression level of P-gp. PCR
believed to act as an energy-dependent drug efflux pumpstrategy achieves more sensitive detection of MDR param-
that causes a decrease in cytotoxic drug accumulaon ( eters than protein-based approaches; however, this strategy
7). Thus, evaluation of P-gp on the cell membrane is cannot exclude the possible contamination of the probe,
important to advance chemotherapy of the malignant tumor. which results in false positive signals especially in patient
Several methods have been developed to evaluate P-ggamples with a low blast count®). In view of the above
expression, including immunofluorescence assay with SPe-challenges, this work attempts to develop a simple and
cific antibodies by flow cytometry & 9), Western blot  sensitive method for detection of P-gp on the tumor cell
surface by combining the high selectivity of immunoassay,
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Scheme 1: Mechanism for Determination of P-glycoprotein laboratory of Nanjing University. Colloidal gold nanopar-

on K562/ADM Cell Surface by Electrochemical ticles (244 2.1 nm diameter) were prepared and character-
Enzyme-Linked Immunoassay ized with transmission electron microscopy as described
before @0). All solutions were made with deionized water
Mo s-butyrylchitosan . Q - of 18 MQ purified from a Milli-Q purification system.
_— - — - = Cell Lines and CultureK562/ADM and K562 cells were
kindly provided by the Affiliated Zhongda Hospital, South-
o east University, Nanjing, China. K562 cells were cultured
R-O-§-0-+H20 in a flask in RPMI 1640 medium (GIBCO) supplemented

o with 10% fetal calf serum (FCS, Sigma), penicillin (100
mL~1), and streptomycin (10kg mL™Y) at 37 °C in a
humidified atmosphere containing 5% €Qhe K562/ADM
cells were maintained with bg mL~* adriamycin (Sigma).
After 72 h the cells were collected and separated from the
medium by centrifugation at 10Q0for 10 min and then

R-OH + HPO42
'=0

R'=

—~ —

=== glasey carbon eledtrode aw Mos butyrylchitosan washed twice with sterile pH 7.4 PBS. The sediment was
o colloidal gold nanoparticals o P-glycoprotein on cell surface resuspended in PBS to obtain a homogeneous cell suspension
with the final concentration of 2.6« 1(f cells mL™%. Cell
O KEE2/ADM cell  >= P-glycoprotein monoclonal antibody number was determined using a Petroff-Hausser cell counter.
. Electrode Preparation and Cell Immobilizatiohhe GCE
>x secondary AP conjugated antibody was polished to a mirror using 0.3 and 0.0 alumina

) ) ) slurry (Beuhler) followed by rinsing thoroughly with doubly
butyrylchitosan (Mos-butyrylchitosan). The immunoassay istilled water, pretreated electrochemically by applying a
procedure was shown in Scheme 1. Chitosan, possessing,otential of+1.75 V in 0.1 M pH 5.0 PBS for 300 s, and
various desirable properties, e.g., low cost, low toxicity, scanned betweeh0.3 and+1.25 V and ther-0.3 and—1.3
chemical inertness, high hydrophilicity, and good biocom- v/ ynil a steady-state currenvoltage curve was observed
patibility, is attractive for the immobilization of biomolecules  (23). This process led to the formation of hydroxyl groups
(19). The functional gold nanoparticle-based material has on the GCE surface and increased surface hydrophilicity of
recently emerged as a novel approach for biosensing becausgye GCE.
of its unique mechanical, electronic, and catalytic properties  The hydrolysis of 1.0 wt % Mos-butyrylchitosan solution
(20). In this work, the assembled colloidal gold nanoparticles \yas performed in 0.05 M acetic acid. Then thel5mixture
on cross-linked Mos-butyrylchitosan modified GCE provide \yas dropped onto a pretreated GCE to form a cross-linked
one excellent interface with good biocompatibility and \os-butyryichitosan modified GCE (CS/GCE) by the inter-
analytical performance for K562/ADM cell adhesion and action between Mos-butyrylchitosan and the hydroxyl groups
electrochemical immunoassay of protein expression on thegn the GCE surface, as shown in Scheme 2. After being
cell membrane. K562/ADM cells are established from K562 (insed with doubly distilled water to remove excessive
human leukemia cells after they are cultured in a culture yncrossed molecules, the CS/GCE was then immersed into
medium containing adriamycin and show typical MDR * ¢ojigidal gold solution for 30 min to prepare colloidal gold
phenotype, i.e., multiple copies of MDR1 and a high level nangparticle assembled CS/GCE (Au-CS/GCE). Following
of P-gp on the cell membran@). In comparison with the 5 rinse with doubly distilled water, the immobilization of
results obtained from flow cytometric assay, this proposed ce|is was accomplished by droppingi& of a 2.0 x 10°
method shows an acceptable accuracy and provides a néwe|| m-1 suspension on the Au-CS surface. The obtained
strategy to evaluate P-gp expression on K562/ADM cell k562/ADM cells adhering Au-CS/GCE (K562/ADM-Au-
membrane and quantify the cell number. This simple and cs/GCE) were used for subsequent immunoassay.
sensitive method presents a significant tool to evaluate  glectrochemical Immunoassayhe K562/ADM-Au-CS/
acceptor expression on the cell membrane and advance cliniGGCE was first incubated with &g mL~ P-gp MAb and
diagnosis of MDR in the aim of successful chemotherapy then with 2ug mL~! secondary AP conjugated antibody at
of human cancers. 35 °C for 60 min, respectively. The electrochemical signal

of the obtained AP-bound K562/ADM-Au-CS/GCE by two-

EXPERIMENTAL PROCEDURES step surface immunoreactions (AP-P-gp-K562/ADM-Au-CS/

Materials.P-gp mouse monoclonal antibody (P-gp MAb, GCE) was recorded in 1.0 mL of pH 7.4 PBS containing
200 ug mL™1) was purchased from NeoMarkers (Fremont, 0.25 mM 1-NP, an optimal concentration selected at a cell
CA), and the secondary antibody of AP-labeled goat anti- concentration of 2.0x 1° cells mL™%, on a CHI 730
mouse (0.1 mg) was obtained from Kirkegaard & Perry electrochemical analyzer with a conventional three-electrode
Laboratories. Fluorescein-conjugated P-gp MAb and fluo- system comprising platinum wire as the auxiliary, saturated
rescein-conjugated goat anti-mouse immunoglobulins were calomel electrode as reference and AP-P-gp-K562/ADM-
from Becton Dickinson. 1-NP was the product of Acros. Au-CS/GCE as working electrodes.
Phosphate-buffered saline (PBS) (pH 7.4) containing 137 CharacterizationsAtomic force microscopy (AFM) ex-
mM NaCl, 2.7 mM KCI, 87.2 mM NgHPQO,-12H,0, and periments were performed on SPA-300 HV with a SPI 3800
14.1 mM KH,PO, was used as the electrolyte in the controller (Seiko). They were carried out in liquid (PBS
measuring system. Mos-butyrylchitosan, prepared as de-solution) using the tapping mode. The SI-DF-3 cantilevers
scribed in ref22, was the generous gift from another (Seiko Instruments Inc.) were used (spring constant was
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Scheme 2: Mechanism for Preparation of Mos-butyrylchitosan Cross-Linked on GCE

CH,0COC3H;
° CH,0COC3H;
O,
n Me y Hydrolysis ] oH
H7C:0CO N+CH2?H_C (CHz)s-?i-OMe — > 4
L‘( y) CHs g OMe H7C0CO  N4CH, H_CR(CHZ)T?I_OH)y
2 HEy) OHs O OH
Mos-butyrylchitosan R
OH OH OH OH R

I Cross-linking on NP W W
R-S-OH + mm—— electrode surface HO—p O—§i— O $i—OH
_— >

| -
OH Oxidized glassy Dehydration
carbon electrode

about 3 N/m, resonance frequency ranging from 90 to 150 rough surface. No peak was observed at K562/ADM-Au-
kHz). UV spectra were recorded using a UV-2201 spectro- CS/GCE in pH 7.4 PBS containing 0.25 mM 1-NP that could
photometer (Shimadzu, Kyoto, Japan). The static water not be directly oxidized in the potential window studied.
contact angle was measured at’25by a contact angle meter  After incubation with P-gp MAb and then the secondary AP-
(Rame-Hart-100) employing drops of pure deionized water. conjugated antibody, the AP-P-gp-K562/ADM-Au-CS/GCE
The readings were stabilized and taken in 120 s after obtained showed an oxidation peak-8419 mV in PBS
dropping. containing 1-NP. This peak came from an electron-transfer

Detection of P-gp by Immunofluorescence on Flow reaction of 1-naphthol. 1-Naphthol was formed from the
Cytometry Sample cells were incubated with/b of 50 ug hydrolysis of 1-NP, which was catalyzed by the conjugated
mL~* fluorescein-conjugated P-gp MAb, and the control cells AP on the electrode surface without a separate control. The
were incubated with the same concentration of fluorescein- principle was shown in Scheme 1. The amperometric signal
conjugated goat anti-mouse immunoglobulins a&C4or 30 was directly related to the expression of P-gp on the cell
min, respectively. After being washed twice with ice-cold membrane, producing a method for evaluation of P-gp
pH 7.4 PBS containing 10% FCS, cells were immediately expression. However, after the same procedures were
analyzed on a flow cytometer (Becton Dickinson). performed at the GCE without the presence of CS or colloids,

no amperometric signal was detectable, indicating the need

RESULTS of the biocompatible and hydrophilic Au-CS matrix for cell

Cyclic Voltammetric Characteristic.he cyclic voltam- ~ adhesion. With increasing scan rate the peak current in-
mograms of GCE, CS/GCE, Au-CS/GCE, K562/ADM-Au- creased and was proportional to the square root of the scan
CSIGCE, and AP-P-gp-K562/ADM-Au-CS/GCE did not rate in the range of 5200 mV s*; thus the enzymatic
show detectable amperometric signals in pH 7.4 PBS (Figurereaction rate of 1-NP hydrolysis was faster than both the
1). The presence of colloidal gold nanoparticles resulted in electron transfer of the formed 1-naphthol and the diffusion
an excessive decrease in the background current due to th@f 1-NP to the electrode surface.

decrease of the surface charge of the Au-CS film, which  Characterization of Atomic Force MicroscopyAFM
resulted from the interaction between the negatively Chargedmeasurement is an effective method to provide surface
nanoparticles and the protonated amine resietéH{s") in topography and phase images. As seen from Figure 2, the
cross-linked Mos-butyrylchitosan film. However, the back- ¢ross-linked Mos-butyrylchitosan film shows more uniform
ground current of K562/ADM-Au-CS/GCE increased greatly distribution when comparing the AFM image of the unmodi-
owing to the native system of living cells and a relatively fied GCE (see Figure S1 in Supporting Information) with
that of the chitosan film modified GCE. The height was less
than 3 nm (Figure 2A). When the chitosan film was exposed
to colloidal gold nanoparticles, the assembly of gold nano-
particles on the film to form a densely packed Au-CS film
with a height of 10 nm could be clearly seen (Figure 2B).
Upon dropping of the K562/ADM cell suspension on the
obtained Au-CS film, some intact and plump cells were
adhered uniformly on the film through weak interaction
between colloidal gold nanoparticles and mercapto or primary

Current (uA)
o

21 amine groups on the cell membrane (Figure 2C). The adhered
cells could retain their plumpness on the nanoparticle-
assembled film for 2 days. The colloidal gold nanoparticles

-4

: . . . . provided an environment similar to that of biomolecules in
08 06 04 02 00 a native system and efficiently prevented cells from leakage.

EV Characterization of UV SpectroscopYhe binding of

Ficure 1: Cyclic voltammograms of (a) GCE, (b) CS/GCE, (c) lloidal aold nanoparticl n cross-linked Mos-burvryl-
AU-CSIGCE. (d) K562/ADM-AL-CS/GCE, and (e) AP-P-gp-Kse2/ Coloidal gold nanoparticles on cross-linked Mos-buryry

ADM-AuU-CS/GCE electrodes in the absence or (f) K562/ADM- Ch't‘?san film was Challract.erlzed thro,‘lgh UV spectroscopy
Au-CS/GCE and (g) AP-P-gp-K562/ADM-Au-CS/GCE in the at different exposure time intervals (Figure 2D). The freshly
presence of 0.25 mM 1-NP in pH 7.4 PBS at 50 m\.s prepared colloidal gold solution showed a maximum absor-
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FIGURE 2: AFM images of (A) Mos-butyrylchitosan film, (B) Au- Ficure 3: Effects of (A) concentrations of P-gp MAb (solid line)
chitosan film, and (C) K562/ADM-Au-chitosan film and (D) UV~ and secondary AP conjugated antibody (dash line), (B) pH of
spectra of different colloidal gold nanoparticle solutions obtained incubation solution, (C) incubation temperature, and (D) incubation
after immersing CS/GCE for 0 (black), 10 (red), 20 (green), 30 time on the DPV peak. When one condition is changed, other
(blue), and 40 (cyan) min. conditions are pH 7.4, bg mL~1 P-gp MAb, 2ug mL~* secondary
AP conjugated antibody, 38C, and 60 min.

bance fmay at 519 nm, which was the characteristic
absorbance of unaggregated colloidal gold nanoparti2®s (  metric (DPV) peak currents of the obtained AP-P-gp-K562/
After the CS/GCE was immersed in the solution for 10 min, ADM-Au-CS/GCE in PBS containing 1-NP increased lin-
the absorbance showed a great decrease, indicating the@arly and then reached a constant value at the concentration
decrease of the amount of colloidal gold nanoparticles in of 5 ug mL™* P-gp MAb or 2 g mL™* secondary AP
the solution due to adsorption of some colloidal gold conjugated antibody, respectively (Figure 3A), indicating that
nanoparticles on the CS/GCE, while no obvious change of the amounts of P-gp MAb and AP conjugated antibody in
the absorbance was observed when a pretreated GCE withouthe incubation solutions were enough to match the amount
the chitosan layer was immersed in the solution for 10 min. of P-gp molecules existing on the surface of the immobilized
The Amax shifted slightly to 525 nm, which probably resulted K562/ADM cells.
from the aggregation of some nanopatrticles in solution. With  Other factors that influenced the immunoreaction included
an increase of the immersing time thg.x red shifted and the pH of the incubation solution, the incubation temperature,
the absorbance further decreased and then tended to and the incubation time. The optimal pH range was between
constant value, indicating a saturated adsorption of gold 7.2 and 7.8, with the maximum response at pH 7.4 (Figure
nanoparticles on the CS film by the strong electrostatic 3B), which was just the optimum pH value for living cells
interaction between protonated amino groups in the Mos- and usually used for the binding of enzyme-conjugated
butyrylchitosan polymer and gold nanoparticles. The further antibody with antigen. When the incubation temperature
red shift of Anax Was due to the irreversible aggregation of ranged from 10 to 50C, the maximum response occurred
colloidal gold nanoparticles, which resulted from the presence at 35 °C (Figure 3C). The lower response at incubation
of the charged CS film on the electrode and the instability temperatures higher than 3& was attributed to the low
of the colloidal solution. Thus, the immersion time of 30 activity of the enzyme due to the denaturation of bound
min was selected for preparation of Au-CS/GCE. enzyme during the incubation process. With an increasing

Surface HydrophilicityThe hydrophilicity of the flms was  incubation time the DPV response increased and tended to
characterized by measuring the contact angle of untreateda maximum at 60 min (Figure 3D). Longer incubation time
GCE and treated GCE, CS/GCE, and Au-CS/GCE. Their did not enhance the response. Therefore, the optimal incuba-
contact angles were 76,568.5, 47.2, and 40.8, respec- tion conditions were %g mL™! P-gp MAb and then 29
tively. The Au-CS/GCE showed the lowest contact angle, mL~! secondary AP conjugated antibody in 1.0 mL of pH
indicating the best hydrophilic surface for cell adhesion, 7.4 PBS at 35C for 60 min.
which improved the biocompatibility of the electrode surface  Response to P-gp Expression and Flow Cytometric Assay
for retaining cell activity 25). To compare the content of P-gp expressed on K562/ADM

Optimization of Immunoreaction Conditionghe amount and K562 cell membrane by electrochemical enzyme-linked
of AP bound on K562/ADM-Au-CS/GCE was an important immunoassay, the DPV peak currents of AP-P-gp-K562/
parameter for sensitive and reproducible immunoassay of ADM-Au-CS/GCE and AP-P-gp-K562-Au-CS/GCE were
P-gp on the cell membrane. With the increasing concentrationdetermined. Under optimal immunoreaction conditions, the
of P-gp MAb or secondary AP conjugated antibody in the AP-P-gp-K562/ADM-Au-CS/GCE showed the maximum
incubation solutions, both of the differential pulse voltam- peak current of 4.32A at AP conjugate concentrations of
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b K562/ADM 53.76 .
cell concentration.
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-
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=

cell mL™* suspension on the Au-CS surface, the coverage
of cells on the surface was obtained from an inverse

10° 10 0’ 108 microscopic image (see Figure S2, Supporting Information)
c a.b to be 7.2x 10 cells cnt?, which was 95% of saturated
2004 Marker Geo mean coverage of the film. The detection limit for cell number
a blank  2.81 was calculated to be 1.0 10* cells mL™* at 37, which was

b K562  4.50 comparable with those of several methods developed by other
researchers, such as 101 cells mL* of immunomag-
netic separation/flow injection analysis/mediated ampero-
\ . : metric detection 26), 1 cells mL™* of electrochemical
10? b ;“’ " 10° 0’ impedance immunosensor féscherichia coli0157:H7 @7),

. 4 (A) Effect "fgp mm"“: M:resce:eAP Laated antibod 1.0 x 10* cells mL* of immunosensor for detection of

IGURE 4. €eCls of concentration O conjugated anubo i i
in the incubation solution on DPV peak currentjs %f K562/ADM)-/ Salmonellaspecies baseidl ona quartz c;rystal mlcrqbalance
AU-CSIGCE (solid line) and K562-Au-CSIGCE (dash line) in pH  (28); 6.0 x 10° cells mL™ of immunobiosensor chip for

7.4 PBS containing 0.25 mM 1-NP. (B, C) Flow cytometric analyses detection ofE. coli0157:H7 @9), and 7.1x 10% cells mL™*
of P-gp on (B) K562/ADM cells and (C) K562 cells. Inset in (A):  of immunoligand assay/light-addressable potentiom&@y. (

blowup of K562 cell plot. Thus, the presented strategy provided a simple and practical
method for antibodyantigen conjugate analysis on the
more than 2:.g mL~2, while the AP-P-gp-K562-Au-CS/GCE  €lectrode, electrochemical immunoassay of protein expres-
showed a maximum peak current of 0.26A at the AP sion on the cell surface, and cell quantification with high
conjugate concentration up to 0.8 mL™! (Figure 4A).  sensitivity and good accuracy.
Thus the P-gp expression of K562/ADM cells was much  Reproducibility and Stability of AP-P-gp-K562/ADM-Au-
higher than that of K562 cells. The average maximum peak CS/GCE.The reproducibility of the AP-P-gp-K562/ADM-
current ratio of AP-P-gp-K562/ADM-Au-CS/GCE to AP- Au-CS/GCE for immunoassay was investigated with intra-
P-gp-K562-Au-CS/GCE was calculated to be 14t91.8:1 and interassay precision. The intraassay precision was
when using L of the 5.0x 10°, 2.0 x 10°, or 5.0 x 10° evaluated by assaying the peak current at one prepared
cell mL~ cell suspensions to prepare the electrodes, respec€lectrode for five replicate measurements. The relative
tively. The analyses performed on flow cytometry gave the standard deviation of intraassay on this method was 7.5%.
ratio of mean fluorescent intensity of 19.7 on K562/ADM The interassay precision, or the fabrication reproducibility,
cells (Figure 4B) and 1.60 on K562 cells (Figure 4C). The was estimated by determining the peak current with three
ratio of K562/ADM cells and K562 cells was about 12.3:1. AP-P-gp-K562/ADM-Au-CS/GCEs made independently. The
Obviously, the results obtained with the proposed electro- relative standard deviation of the interassay on this method
chemical enzyme-linked immunoassay were acceptable. was 17.8%, showing an acceptable reproducibility.
Electrochemical Method for Cell Quantificatiowith an When AP-P-gp-K562/ADM-Au-CS/GCE was stored in pH
increasing concentration of K562/ADM cells for their 7.4 PBS at £C, it retained 90% of its initial current after a
immobilization, the DPV peak current of the 1-naphthol 48 h storage. The AP-P-gp-K562/ADM-Au-CS/GCE, ob-
formed increased (Figure 5). The peak current was propor-tained by two-step surface immunoreactions after a 48 h
tional to the logarithmic value of the cell concentration storage of the K562/ADM-Au-CS/GCE in pH 7.4 PBS at 4
ranging from 5.0x 10* to 1.0 x 10’ cells mL™* with a °C, also showed 90% of the current of AP-P-gp-K562/ADM-
correlation coefficient of 0.9965. When the cell concentration Au-CS/GCE prepared without storage. Thus 90% of the
for immobilization was larger than 1.8 10’ cells mL™, activity level of the immobilized cells remained after 2 days.
the peak current tended to a maximum value, indicating a This indicated that colloidal gold nanoparticles assembled
saturated coverage. When droppingl5 of the 2.0 x 10° on Mos-buryrylchitosan film were very efficient for retaining

hia = 1.60

Cell counts
-
[—]
=
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the activity of living cells and preventing them from leakage gp-K562/ADM-Au-CS/GCE in 1-NP solution decreased.

away the electrode surface. Furthermore, the pH value of the detection solution was also
very important. When the pH was higher than 8.0, the
DISCUSSION response signal decreased, which was attributed to the

decrease of cell activity and the weakening of interaction

The KS62/ADM leukemia cells immobilized on the penyeen the amine residue in the cross-linked Mos-butyryl-
electrode via the Au-chitosan matrix showed high activity cpitosan film and colloidal gold nanoparticles as well as the

forimmunoreaction between P-gp expressed on KS62/ADM jhteraction between the immobilized cells and colloidal gold
and P-gp MAb. The immunocomplex formed could further - 5n4harticles. The low pH condition was a disadvantage to
react with the secondary AP conjugated antibody, which o enzymatic hydrolysis of 1-NP. Thus, pH 7.4 was an
introduced AP onto the electrode surface for electrochemical optimum pH of AP for amperometric detection.
immunoassay of P-gp expression by an enzymatic hydrolysis This work combines the high selectivity of immunoreac-

of 1-NP to produce the electroactive compound, 1-naphtho|.tion with high sensitivity of enzymatic amplification to

The enzymafcic r_eaction rate was very fast. Thus the produceddevelop a novel simple approach to detect glycoprotein
amperometric signal was directly related to the tqtal amount expressed on the cell membrane. The living intact and plump
.Of P-gp on _the cell membra_ne. Th? amperometric reSponse qyiq ore stably adhered on this hydrophilic and biocompatible
increased linearly with the increasing logarithmic value of

th I trati duci | method f I matrix. In comparison with the results obtained by flow
€ cell concentration, producing a novel method for ce cytometric assay, this proposed method shows an acceptable
quantification. According to the fundamental of immuno-

the level of P . h I b accuracy and provides a new strategy to evaluate P-
assay, the 1evel or F-gp expression on the cell mem raneglycoprotein expression on the K562/ADM cell surface and
could be determined quantitatively if pure P-gp could be

; e . uantify the cell number. This simple and sensitive method
gotten to obtain one calibration or working curve. The results d fy b

. . . . ; presents a significant field to evaluate acceptor expression
obtained with two kinds of cells at _dlfferen_t concentrations ,, yhe cell membrane and advance clinic diagnosis of MDR
showed that this method was feasible. This method is very

. o with the aim of successful chemotherapy of human cancers.
simple and cheaper than other developed quantitative meth- Py

ods. SUPPORTING INFORMATION AVAILABLE
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surface for assembly of colloidal gold nanoparticles, which the Au-CS surface (Figure S2). This.material is available
was well-known as a biocompatible and hydrophilic matrix €€ Of charge via the Internet at hitp://pubs.acs.org.
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